This study assessed the tissue distribution of anidulafungin in rats. Anidulafungin rapidly distributed into tissues, achieving peak concentrations within 30 min, and maintained levels above MICs for common pathogens over 72 h. In tissues susceptible to fungal infection (liver, lung, spleen, kidney), exposure was 9-to 12-fold higher than in plasma.
This study assessed the tissue distribution of anidulafungin in rats. Anidulafungin rapidly distributed into tissues, achieving peak concentrations within 30 min, and maintained levels above MICs for common pathogens over 72 h. In tissues susceptible to fungal infection (liver, lung, spleen, kidney), exposure was 9-to 12-fold higher than in plasma.
Anidulafungin, a new echinocandin, has broad-spectrum antifungal activity in vitro (E. M. Johnson, B. P. Goldstein, K. G. Davey, and M. A. Fraser. Presented at the 14th European Congress of Clinical Microbiology and Infectious Diseases, Prague, Czech Republic, 2004; 11, 20) . It has also demonstrated clinical efficacy (7, 12, 17) and is approved for treatment of esophageal candidiasis, candidemia, and other forms of Candida infections in the United States and Europe. It has been suggested that echinocandin concentrations in infected tissues are an important determinant for pharmacodynamic activity (8) . Therefore, we assessed the tissue distribution and pharmacokinetics of anidulafungin in rats in two separate studies. Plasma and tissue levels of anidulafungin in clinically relevant tissues were evaluated by high-performance liquid chromatography (HPLC) with UV detection in study 1 and by quantitative whole-body autoradiography in study 2. Study 1. Male F344 rats (n ϭ 30) aged 10 to 11 weeks and weighing 223.6 to 243.8 g received a single intravenous dose of [ 14 C]anidulafungin, 5 mg/kg of body weight, over approximately 5 min. The structure of anidulafungin and the position of the radiolabel are indicated in Fig. 1 . Blood, cerebrospinal fluid (CSF), and tissue (kidney, liver, lung, muscle [quadriceps], spleen, and skin) samples were collected predose and at 0.083, 0.5, 1, 2, 4, 8, 24, 48, and 72 h postdose (n ϭ 3 rats per time point). Concentrations of the parent drug (i.e., anidulafungin) in these samples were determined by HPLC; the lower and upper limits of quantitation were 20 and 5,120 ng/ml for plasma and 220 and 56,320 ng/g for tissue, respectively. In addition, total radioactivity (representing the parent drug as well as metabolites) was assayed using liquid scintillation counting. Pharmacokinetic parameters (peak concentration [C max ], time to achieve peak concentration [t max ], area under the curve from 0 to infinity [AUC 0-ϱ ], AUC from 0 to 24 h [AUC 0-24 ], terminal half-life [t 1/2 ], volume of distribution [V] , and total body clearance [CL T ]) were determined by noncompartmental methods. Since three rats per time point were sampled, the pharmacokinetic parameters were derived based on a composite mean concentration-time profile.
After [ 14 C]anidulafungin was administered intravenously, the C max value of anidulafungin in plasma was observed at 5 min postdose (Table 1) . Subsequently, anidulafungin levels in plasma exhibited an initial rapid decline, followed by a slower decline (Fig. 2) . In the plasma, the AUC 0-24 accounted for more than 90% of the AUC 0-ϱ , and anidulafungin had a t 1/2 value of 18.5 h ( Table 1 ). In tissues, on the other hand, after an initial decrease in concentration of the parent drug, a slight flattening of the concentration-time curve was observed in some tissues at approximately 8 h postdose; a similar flattening was not detected in the plasma (Fig. 2) . Peak concentrations of anidulafungin in lung and liver were obtained at 5 min postdose and in other tissues at 30 min postdose (Table 1) . Notably, peak tissue concentrations, except those in skin and muscle, were severalfold higher than in plasma. Among the tissues examined, liver, lung, kidney, and spleen had high exposures to anidulafungin. Based on the ratio of AUC 0-ϱ values for the parent drug, levels of anidulafungin were about 9-to 12-fold higher in the liver, lung, kidney, and spleen than in the plasma ( Fig. 3 and Table 1 ). The tissue/plasma ratios of anidulafungin AUC in skin and muscle, on the other hand, were less than unity ( Table 1) . Elimination of the parent drug from tissues appeared to be slower than from plasma, based on t 1/2 values ( Table 1) . The concentration-time profiles for drug-derived radioactivity in plasma and tissues were similar to that of anidulafungin. However, drug-derived radioactivity levels were approximately two to threefold higher than the parent drug in both the plasma and the tissues (Fig. 4) . Initially, most of the radioactivity was associated with anidulafungin, but beyond 24 h, less than 50% of the total radioactivity was associated with unchanged drug. Peak levels of drug-derived radioactivity in plasma and lung were achieved at 5 min and in kidney and spleen at 30 min (Table 2) . A secondary peak for total radioactivity was seen in the kidney and to a lesser extent in the lung and the spleen. Drug-derived radioactivity appeared to be eliminated from plasma and tissues at rates that were slower than that of the parent drug, based on t 1/2 values ( Table 2) . This was also supported by comparing the CL T of drug-derived radioactivity with that of the parent drug (0.5 versus 1.4 ml/ min/kg, respectively). The V value for anidulafungin was considerably greater than that for radioactivity (2.2 versus 0.2 liter/kg, respectively). CSF had minimal (0.5%) radioactivity relative to that of whole blood ( Table 2) .
The secondary peak observed with some tissues, predominantly for drug-derived radioactivity and to a lesser extent for the parent drug, may represent variability in the data, since different animals were sampled at each time point. Furthermore, it is also possible that formation of biotransformation products and their distribution into tissues may have caused this effect, which is conceivable for drug-derived radioactivity profiles. At least in the liver, the detection of a secondary peak is consistent with the biliary route of elimination previously reported for both unchanged anidulafungin and its biotransformation products (2; M. Stogniew, F. Pu, T. Henkel, and J. Study 2. Male pigmented Long Evans (HsdBlu:LE) rats (n ϭ 6) aged 7.5 weeks and weighing 202 to 217 g received a single intravenous dose of [ 14 C]anidulafungin (5 mg/kg). Animals were euthanized by using isoflurane and exsanguination via cardiac puncture at 0.5, 6, 12, 24, 72, and 168 h postdose (n ϭ 1 rat per time point). Sagittal whole-body sections (including kidney, liver, lung, spleen, and other organs) were collected using the method described by Ullberg (16) , and autoradiographic images were quantified using phosphorimaging technology as described by Johnston et al. (6) . Single samples, corrected for section thickness, were taken in multiple sections for each tissue. Standard curves associated with individual scans were fitted with a least-squares-regression line from which tissue concentrations of radiocarbon were interpolated. Table 3 provides the concentrations of drug-derived radioactivity observed using quantitative whole-body autoradiography of selected tissues (focusing on key organs associated with systemic fungal infection). Radioactivity was rapidly distributed to tissues, appearing mostly by 30 min, when it reached peak concentrations in approximately half of the organs analyzed (Table 3 ). High and low levels were obtained from kidney and liver due to differential disposition of radioactivity. At 6 h, approximately half of the analyzed tissues showed peak radioactivity levels, including lungs, kidney, and spleen. Among other organs, high concentrations of radiocarbon were found in lungs, spleen, kidney (high differential), and liver at these time points. At 12 h, radioactivity in most tissues began to decline and had decreased to moderate or low levels at 72 h, except in liver (high differential), where levels remained elevated. Radioactivity was also detected in cerebrospinal fluid, as well as in brain (cerebrum, cerebellum, and medulla), and ocular tissue.
Clinical relevance. Overall, the results of our studies indicate an extensive and rapid distribution of anidulafungin into C͔anidulafungin in male F344 rats. Parameters were derived based on a composite, mean concentration-time profile with n ϭ 3 rats per sampling time. on November 10, 2017 by guest http://aac.asm.org/ those organs most commonly affected by invasive mycoses, i.e., lung, liver, kidney, and spleen. Exposure to the parent drug was approximately 9-to 12-fold higher in these key organs than in plasma. Furthermore, anidulafungin seems to persist longer in these tissues than in plasma, an observation recently reported by others as well (5). MIC 90 s for anidulafungin range between 0.06 and 4.00 g/ml for Candida sp. (9, 18) and between 0.03 and 0.08 g/ml for Aspergillus fumigatus and A. flavus (3, 11) . In our study, anidulafungin concentrations in lung, liver, kidney, and spleen after a single 5-mg/kg dose remained above MIC 90 s for all strains of Candida and Aspergillus sp. for 48 h. At 72 h postdose, anidulafungin levels were still above the MIC 90 s for Aspergillus, as well as for the majority of Candida strains. Gumbo et al. reported a marked reduction in kidney fungal burden in a neutropenic mouse model with disseminated candidiasis at 24 h after treatment with a single anidulafungin dose of 5 mg/kg or higher, while sustained activity over a time period of 96 h was seen following a single dose of 8 mg/kg or higher (5) . As anidulafungin in clinical practice is administered once daily over a period of consecutive days, rather than as a single dose, the 24-h reduction in fungal burden is a particularly important observation. Taken together, these data indicate that the anidulafungin levels achieved in key tissues in our study in rats may be adequate for antifungal activity. It should be noted, however, that the respective proportion of anidulafungin available for microbiological activity in each tissue is not known.
Biotransformation of anidulafungin involves nonenzymatic opening of the cyclopeptide ring structure and, presumably, further breakdown of the ring-opened product into smaller fragments (M. Stogniew et al.). Therefore, considering the position of the 14 C radiolabel on the anidulafungin molecule ( Fig. 1) , it is possible that metabolites which retain the radiolabel contributed to some fraction of the drug-derived radioactivity. Hence, it is important to assess the echinocandin tis- (14) . The tissue/ plasma ratios for caspofungin based on these derived AUC values were 10.2, 5.5, and 1.2 in the liver, kidney, and lung, respectively. The AUCs in this study were based on drugderived radioactivity associated with tritiated caspofungin and are therefore likely to be confounded by the presence of metabolites that carry the radiolabel; the proportion of total radioactivity actually associated with unchanged, active caspofungin may be as low as 49% (13) . In contrast, a study of micafungin tissue distribution in rats assessed parent drug levels following administration of 1 mg/kg of nonradiolabeled micafungin (10) . The tissue/plasma ratios based on the AUC of micafungin were 3.6, 3.2, and 7.8 in the lung, kidney, and liver, respectively. It therefore appears that the tissue/plasma ratios and, thus, the overall tissue penetration for caspofungin and micafungin are considerably less than that observed with anidulafungin in our investigation. This observation is consistent with anidulafungin having the highest volume of distribution among the echinocandins (15) . Nevertheless, in a murine model of fungal infection, both caspofungin (8) and micafungin (4) demonstrated reduction in fungal tissue burden. In addition, none of the above studies evaluating echinocandin tissue levels, including our own, assessed the proportion of drug available for antifungal activity, and each study differed in terms of design and assay methodology. Therefore, the clinical relevance of the differences in tissue levels among the three echinocandins, including the comparatively greater tissue penetration of anidulafungin, remains unclear at the present time.
In conclusion, the results presented here indicate that anidulafungin is rapidly distributed to clinically relevant tissues in rats at concentrations significantly higher than those in plasma.
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